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METHOD FOR STERILE CONNECTION OF TUBING 

BACKGROUND OF THE INVENTION 

[0001] This invention relates generally to the 
connection of flexible polymeric tubing sections., and more 
particularly to methods and apparatus for connecting such 
tubing sections so as to maintain a sterile condition in an 
interior passage of the tubing. 

[0002] Medical containers with tubing are used for 
various medical procedures such as kidney dialysis, 
intravenous delivery of therapeutic fluids, delivery of 
nutritional fluids; delivery of blood, blood components, 
and blood substitutes. Fluid containers and tubing are 
also widely used in other industries such as the food 
industry and the chemical industries . 

[0003] One example in the medical context is when 
flowable medical two medical products (e.g., liquids and 
mixtures of liquids and solids) need to be delivered to the 
patient at the same time, but the two products cannot be 
sterilized in the same way. It is possible to manufacture 
both products (even as a mixture) in an aseptic 
environment. This is expensive and may not lead to a level 
of sterilization in the final product which is superior to 
making and packaging the products in a nonsterile 
environment ( and subsequently sterilizing both the products 
and the package. Another option is to package the products 
separately and connect them at the time of use. However, 
this requires a sterile connection of the packages, and 
more specifically a sterile connection of tubes connected 
to the packages. 

[0004] As another example requiring sterile 
connection of tubing, flexible medical tubing is used in 
systems for treating renal disease. The balance of water, 
minerals and the excretion of daily metabolic load is no 
longer possible in renal failure. During renal failure, 
toxic end products of nitrogen metabolism (urea, 
creatinine,, uric acid and others) can accumulate in blood 
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and tissues. This condition is commonly treated with 
dialysis. 

[0005] Dialysis removes waste toxins and excess water 
from the body that would otherwise have been removed by 
normal functioning kidneys. Dialysis treatment for 
replacement of kidney functions is critical to many people 
because the treatment is lifesaving. One who has failed 
kidneys could not continue to live without replacing at 
least the filtration functions of the kidneys. 
Hemodialysis and peritoneal dialysis are two types of 
dialysis therapies commonly used to treat loss of kidney 
function. 

[0006] In general, hemodialysis treatment removes 
waste, toxins, and excess water from the patient's blood. 
The patient is connected to a hemodialysis machine and the 
patient's blood is pumped through the machine. Catheters 
are inserted into the patient's veins and arteries to 
connect the blood flow to and from the hemodialysis 
machine. As blood passes through a dialyzer in the 
hemodialysis machine, waste, toxins, and excess water are 
removed from the patient ' s blood and the blood is infused 
back into the patient. Many tubes are used in the process 
that must be connected or disconnected. Peritoneal 
dialysis typically utilizes a dialysis solution, or 
dialysate, which is infused into a patient's peritoneal 
cavity. Waste, toxins and excess water pass from the 
patient's bloodstream through his/her peritoneal membrane 
and into the dialysate. The transfer of' waste, toxins and 
water from the bloodstream into the dialysate occurs due to 
diffusion and osmosis, i.e., there is an osmotic gradient 
across the membrane. The spent dialysate is drained from 
the patient's peritoneal cavity to remove the waste, toxins 
and water from the patient. After the spent dialysis is 
drained, it is replaced with a fresh dialysate solution. 

[0007] In peritoneal dialysis, a patient has a 
catheter implanted in his/her peritoneal cavity with an end 
protruding from the patient. The protruding end of the 
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catheter terminates with a section of tubing known as a 
transfer set. The transfer set is typically made from a 
silicone material and must be periodically replaced. The 
transfer set is provided to connect the patient to 
dialysate fluid bags or discharge bags. The transfer set 
typically has a spike that connects to an access port 
positioned in a tube associated with the drain bag or 
dialysate solution bag (dialysate set) . In general, the 
patient manually stabs the port with the spike to connect 
the transfer set to the dialysate set. The patient 
connects the tube in the transfer set to a drain to allow 
spent dialysate fluid to drain from the peritoneal cavity. 
Next, the patient is connected to a bag of fresh dialysate 
and manually infuses the fresh dialysate through the 
catheter and into the patient's peritoneal cavity. When 
the patient completes treatment, the port is pulled off the 
spike and a cap is placed on a spike until the patient is 
ready for the next treatment. When the patient disconnects 
the catheter from the fresh dialysate bag, the dialysate 
dwells within the peritoneal cavity to draw waste, toxins 
and excess water from the patient's bloodstream to the 
dialysate solution. After the dwell period, the patient 
repeats the manual dialysis procedure and drains the spent 
dialysate from the peritoneal cavity. 

[0008] Accordingly, during dialysis treatments such 
as those described above, the patient is required to 
connect and disconnect the catheter and transfer set from 
the fill or drain line (or tube) a number of times. Some 
devices are available today to assist the patient during 
the process when using specialized sterilization equipment. 
However, by and large, these connections' and disconnections 
are performed manually. 

[0009] One such device incorporates a heated wafer or 
hot knife that physically contacts the tubing to cut it by 
melting the tube and joining two tubes together or melt- 
sealing the tube ends. Typically, heated wafer 
applications involve a "melt and wipe" process. In 
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peritoneal dialysis, for example, a patient' must drain 
spent dialysate or replenish his/her peritoneal cavity with 
fresh dialysate. To this end, the patient must connect the 
transfer set tubing to a tube extending from either a drain 
bag or a bag containing fresh dialysate. In one "melt and 
wipe" process, the transfer set tubing is bent in a U or V- 
shape to fit into a first U or V-shaped tube holder. 
Similarly, the bag-side tube is bent in a U or V-shape to 
fit into a second U or V-shaped tube holder adjacent the 
first tube holder. A heated wafer moves across the space 
between the two tube holders and physically contacts the 
tubing at the bend junction of the U- shape or V-shape. As 
the heated wafer contacts the tubing, it melts the tube at 
the bend junction of the U-shape or V-shape. The wafer 
then wipes the melted tubing material and removes the 
material from the area between the first and second tube 
holders. The two holders are brought together and two 
connections are made. In the first connection, the 
transfer set tubing is connected to the bag-side tube and 
the dialysis process is ready to begin. In the second 
connection, the wasted tube material from the transfer set 
tubing and the bag- side tube is connected together and 
discarded. 

[0010] In order to disconnect the patient from the 
bag, hot knives are used to cut the tube. An example of a 
known disconnecting process with the hot knives involves 
two tubes that are placed side by side across two tube 
holders. One of the tubes is a short tube having two 
sealed ends. Generally, the tube holders include a ridge 
at one end of the tube holder to flatten a portion of the 
tube to stop fluid flow. The hot knife severs each tube 
into two pieces. After the hot knife cuts the tube, one of 
the tube holders moves in relation to the other tube 
holder. The tubing is "swapped," realigned with one of the 
cut portions of the short tube, and connected to it - thus, 
a disconnection is made between the patient and the bag. 
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[0011] These devices have a relatively low level of 
reliability due to the inconsistency in melting and cutting 
processes. The inconsistency of operation can result in. 
imperfect seals, leading to leaks, and bacterial 
infiltration which may lead to infection or peritonitis. 
Moreover, both connections require the heated ends of the 
tube to be uncovered and exposed to the surrounding 
environment before the connection is made. This can lead 
to contamination of the tube ends, and ultimately of the 
interior of the tubes, even if the device works perfectly. 

[0012] The interior passages of the tubing sections 
are initially sterile, but cutting the tubing sections so 
that connections of adjacent sections can be made exposes 
the interior passages of the tubing sections to the 
surrounding environment, allowing them to potentially 
become contaminated with airborne contaminants, e.g., 
bacteria. Moreover, if the tubing sections are open, solid 
material from the unsterile exteriors of the tubing 
sections could enter the tubing sections. In the 
applications just described, it is impractical to engage in 
a resterilization procedure every time a new connection of 
tubing sections is made. Accordingly, it is recognized 
that the' interior passages of the tubing sections need to 
be isolated while the tubing sections are being connected 
together. 

[0013] In order to avoid exposure of the interior' 
passage of each tubing section, it is known to clamp the 
end portion of the tubing section shut before an end 
portion of the tubing section is cut. However, axially 
facing surfaces at the very ends of the tubes are exposed 
to their surroundings. In some systems a hot blade or 
other heated surface is brought into contact with the 
exposed ends of the tubing sections to bring them up to 
melting temperature. The ends of the two tubing sections 
are then brought together so that the melted ends fuse, 
connecting the tubing sections together. The clamps 
collapsing the respective end portions of the tubing 
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sections are released and the tubing sections open, 
defining a continuous, sealed interior passage through the 
connected tubing sections. In time, however, the heated 
blade or other surface becomes fouled with the plastic 
material of the tube, requiring cleaning to maintain 
operability. Moreover, it is necessary to apply enough 
energy in heating the ends so that they do not drop below a 
temperature at which fusion will occur before the two ends 
of the tubing sections are brought together. 

[0014] Other tube connection systems have applied 
heat to the ends of the tubing sections without requiring 
direct contact of heating elements with the tubing 
sections. Examples of these types of systems are disclosed 
in the following patent applications, the disclosures of 
which are incorporated herein by reference: Apparatus and 
Method for Connecting and Disconnecting Flexible Tubing, 
U.S. application Serial No. 10/061,835, filed January 31, 
2002; Coupler Member for Joining Dissimilar Materials, U.S. 
application Serial No. 10/251,681, filed September 20, 
2 002; Laser Weldable Flexible Medical Tubings, Films and 
Assemblies Thereof, U.S. application Serial No. 10/251,682, 
filed September 20, 2002; and Laser Weldable Flexible 
Medical Tubings, Films and Assemblies Thereof, U.S. 
application Serial No. 10/251,683, filed September 20, 
2002. These systems may employ a laser for heating. One 
drawback of these systems is that a substantial amount of 
power is required heat the end portions of the tubing 
sections. The conventional medical tubing material does 
not absorb the energy of the electromagnetic radiation 
well, so considerable energy is required to melt the 
tubing. Moreover, these methods have still required 
heating, followed by movement of the tubing sections into 
engagement. The axially facing surfaces of the end 
sections are exposed for some considerable time to the 
surroundings. Moreover, the axially facing surfaces still 
have to be heated enough so that they do not cool down too 
much before they are moved into contact with each other. 
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SUMMARY OF THE INVENTION 

[0015] A method for connecting together two sections 
of tubing of the present invention generally comprises the 
step of placing the two tubing sections in opposed, end-to- 
end relation so that axially facing surfaces of the tube 
sections at the ends are free from exposure to the 
surrounding environment. After this step an 
electromagnetic beam is directed generally toward the 
location where the axially facing surfaces are in opposed, 
end-to-end relation for welding the two sections of tubing 
together at the location. 

[0016] In another aspect of the invention, a method 
of heating a section of tubing generally comprises placing 
a portion of the tubing section to be heated in contact 
with an energy absorption member. A beam of 
electromagnetic energy is directed onto the energy 
absorption member. The energy absorption member is 
constructed for absorbing energy from the beam. Heat is 
transferred from the energy absorption member to the tubing 
section portion by contact therewith to melt the tubing 
section portion. 

[0017] Other objects and features of the present 
invention will be in part apparent and in part pointed out 
hereinafter. 

l 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a schematic, fragmentary 

longitudinal section of two tubing sections clamped off 

generally adjacent ends thereof; 

[0019] FIG. 2 is a view similar to Fig. 1 but showing 

the tubing sections after end portions have been cut away, 

and illustrating welding shut the end of one of the tubing 

sections; 

[0020] FIG. 3 is the view of Fig. 2 but illustrating 
welding shut the end of the other of the tubing sections; 
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[0021] FIG. 4A is an end elevation of one of the 
tubing sections as clamped; 

[0022] FIG. 4B is an end elevation of one of the 
tubing sections as clamped and sealed; 

[0023] FIG. 5 is a schematic of the two tubing 
sections of Fig. 3 being welded together with a laser; 

[0024] FIG. 6 is the two tubing sections after 
welding; 

[0025] FIG. 7 is an enlarged, fragmentary view of the 
tubing sections of Fig. 6 at a joint of the tubing 
sections; 

[0026] FIG. 7A is the enlarged, fragmentary view of 
Fig. 7, but showing the tubing sections pushed together to 
displace material at the joint ; 

[0027] FIG. 8 is the tubing sections of Fig. 6 with 
the tubing sections reopened at the joint; 

[0028] FIG. 9 is a schematic, fragmentary 
longitudinal section of the tubing sections showing a 
different configuration for welding; 

[0029] FIG. 10 is a fragmentary elevation of film 
used for welding the tubing sections together; 

[0030] FIG. 11 is a cross section of another kind of 
film used for welding the tubing sections together; and 

•[0031] FIG. 12 is a schematic, longitudinal section 
of two tubing sections which have had a dye applied to the 
. ends prior to welding. 

[0032] Corresponding reference characters indicate 
corresponding parts throughout the several views of the 
drawings . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0033] Referring now to the drawings and in particular 
to Figs. 1-8, a method and apparatus for connecting two 
tubing sections are schematically illustrated. The tubing 
sections (designated generally at 1 and 3, respectively) 
are shown as having closed end portions 1A and 3A. The 
present invention has particular, although not exclusive, 
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application where it is important to keep the interior 
passages (5 and '7, respectively) of the tubing sections 1, 
3 sterile or substantially sterile while connection the 
tubing sections together. The medical uses described in 
the Background of the Invention are exemplary. In that 
regard, Figs. 1 and 8 schematically show the tubing section 
1 connected to a patient P and tubing section 3 connected 
to a bag B of peritoneal dialysate. Typically, the tubing 
sections 1, 3 are flexible but are not required to be so to 
fall within the scope of the present invention. The 
material of the tubing sections should be capable of fusing 
when heated. Conventional medical tubing materials, such 
as thermoplastics, KRATON polypropylene blends and PVC are 
suitable. Usually both tubing sections 1, 3 are made of 
the same material. Otherwise, it is likely necessary to 
provide some special integrating material to join the two 
sections together. 

[0034] Figure 1 illustrates the two tubing sections 
1, 3 received in a cutting and welding apparatus, 
components of which are schematically illustrated along 
with the tubing sections in Figs. 1-3, 5 and 6. Clamps 
acting on the tubing section 1 are designated by reference 
numerals 9 and 11 and clamps acting on the tubing section 3 
are designated by reference numerals 13 and 15. Respective 
pairs of clamps (9, 11 and 13, 15) have come together in 
Fig. 1 against the tubing 'sections 1, 3 to collapse each 
tubing section near the closed end portions 1A, 3A of the 
sections. In the regions collapsed, the interior passages 
5, 7 are completely or nearly completely shut (see, Fig. 4A 
showing tubing section 1) . The collapsed region is 
generally that region of the tubing section (1 or 3) which 
is engaged by the clamps (9, 11 or 13, 15) and adjacent 
regions where the interior passage (5 or 7) is completely 
or almost completely collapsed (i.e., so that portions of 
the tubing section which oppose each other in the interior 
passages are brought into engagement) . The uncollapsed 
configuration of the collapsed tubing section regions is 
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illustrated in phantom in the Fig. 1. Blades 17 and 19 
shown below respective ones of the tubing sections 1, 3, 
are located axial ly outward from the location where the 
clamps (9, 11 .or 13, 15) engage. that tubing section. The 
blades 17, 19 are capable of reciprocating as illustrated 
by the double arrows for moving upward to sever the closed 
end portions 1A, 3A of the tubing sections from the 
remainder of the tubing section, and then withdrawing back 
below the tubing sections 1, 3. The blades 17, 19 can be 
mounted on cylinders, linear actuators, levers or the like 
(not shown) for producing the reciprocating motion. It is 
envisioned that the end portions 1A, 3A of the tubing 
sections 1, 3 could be severed in other ways (not shown) . 
The end portions 1A, 3A could be collapsed and internally 
sealed where collapsed. Each end portion could be cut 
through by a blade or pulled to break off from the 
remainder of the tubing section where the seal was formed. 

[0035] The same two tubing sections 1, 3 are 
illustrated in Fig. 2 after their end portions 1A, 3A have 
been cut away by the blades 17, 19. An end elevation of 
one clamped, cut tubing section 1 is shown in Fig. 4A. The 
clamps 13, 15 are not illustrated in Fig. 4A. It is noted 
that there is some gapping at the opposite sides of the 
interior passage 5 which is collapsed (and appears 
substantially as a transverse slit in Fig. 4A) . The 
presence of gaps indicates that the interior passage 5 is 
not isolated from the surrounding environment. Therefore, 
the end of the tubing section 1 will be sealed to fully 
isolate the interior passage 5. 

[0 036] Some additional components of the apparatus 
used to connect the tubing sections 1, 3 are shown in Fig. 
2. A photodiode laser 23 supported by the apparatus is 
positioned above the tubing sections 1, 3 and emits a beam 
at an angle of about 45° to the aligned longitudinal axes 
of the tubing sections 1, 3. It is believed that the laser 
23 can be oriented so that its beam makes an angle from 15° 
to 80° and still operate effectively. A mirror 25 will be 
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used as described hereinafter . The laser 23 may broadly be 
considered a source of an electromagnetic beam. The end of 
the tubing section 1 on the left in Fig. 2 is positioned so 
that the laser beam impinges upon a first weld block 29 
immediately adjacent and engaging an axial ly facing surface 
31 (see, Fig. 4A) of the end of the tubing section 1. The 
tubing sections 1, 3 are both essentially transparent to 
the radiation emitted from the laser 23 used in this 
embodiment, and would not be heated (or would be heated 
only very slowly) by the photodiode laser. The first weld 
block 29 includes a material which absorbs the energy of 
the laser beam, becoming hot. For example, the first weld 
block 29 may be made of black polytetraf louroethylene or 
black glass, which absorb energy but are poor heat 
conductors. The heat is transferred by conduction from the 
first weld block 29 to the axially facing surface 31 of the 
tubing section 1 in contact with the first weld block, 
melting a portion of the section and sealing it shut. An 
end elevation of the clamped and sealed tubing section 1 is 
shown in Fig. 4B. 

[0037] Fixtures (not shown) of the apparatus holding 
the tubing sections 1, 3 and mirror 25 shift so that the 
mirror is brought into the path of the laser beam from the 
laser 23 (Fig. 3) . It is contemplated that the laser 23 
could be moved while the fixtures and tubing sections 1, 3 
held therein remain stationary. The mirror 25 redirects 
the beam onto a second weld block 33 engaging an axially 
facing end surface of the right tubing section 3 (not 
shown, but like the surface 31 of tubing section 1) . The 
second weld block 33 is made of the same material as the 
first weld block 29 and transfers heat by conduction to the 
axially facing surface of the tubing section 3 in contact 
with the second weld block to melt and seal the end of the 
tubing section. The first and second weld blocks 29, 33 
may be broadly considered as "energy absorption members." 

[003 8] The seals achieved at the ends of the tubing 
sections 1, 3 isolate the interior passages 5, 7 of the 
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tubing sections from contamination from the surrounding 
environment, and also prevent any liquid which might be 
present in one or both of the tubing sections from flowing 
out of the tubing section. The seals are made so that they 
may be relatively easily broken after the tubing sections 
1, 3 are joined together, as will be described hereinafter. 
It will be understood that the seals may be formed in any 
suitable manner. For instance, a second laser (not shown) 
may be provided so that both tubing sections 1, 3 could be 
welded shut substantially simultaneously. Instead of a 
second laser, a portion of the beam from a single laser 
could be transmitted by a light pipe or mirrors (not shown) 
to the other tubing section, allowing both tubing sections 
to be welded, shut and the same time. If a sufficiently 
powerful laser is used, the weld blocks 29, 33 would not be 
required. 

[0039] Moreover, instead of the laser 23, the blades 
17, 19 may be heated so that the ends of the tubing 
sections 1, 3 are sealed at the same time they are cut 
through by the blades. The heating could occur by 
resistance heating, or by having the beam of the laser 23 
impinge upon the blade (17 or 19) while the blade engages 
the axially facing surface 31 of the end of the tubing 
section (1 or 3) . The first and second weld blocks 29, 33 
could be heated by conventional resistance heating. A 
sonic or RF welder (not shown) could also be used, which 
would not require the weld blocks 29, 33. However by using 
the laser 23, the apparatus requires only a single energy 
source for all of the sealing/ joining functions performed 
by the apparatus. It is also envisioned that, an end 
segment of each tubing section could be fused shut (e.g., 
clamped and sealed using the weld blocks) . Then the blades 
17, 19 could be activated to cut through the seals. The 
end portion (1A or 3A) of the tubing section (1 or 3) would 
still be severed, but enough of the seal would remain so 
that the end of the tubing section would remain sealed and 
closed after the end portion was cut away. 
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[0040] The first and second weld blocks 29, 33 are 
removed from engagement with the axially facing surfaces 31 
of the ends of the tubing sections 1, 3 and out of the way 
of the tubing sections. A segment of film 37 (broadly, "a 
sheet of material" and "an energy absorption member") is 
positioned between the opposed axially facing surfaces 31 
of the tubing sections 1, 3 and the fixtures are moved to 
bring the axially facing end surfaces 31 into engagement • 
with opposite sides of the film, as shown in Fig. 5. The 
film 37 is made of a material which is compatible with the 
material of the tubing sections 1, 3. For instance, if the 
tubing sections include a polypropylene component, so will 
the film. If the tubing sections are made of PVC, then the 
film also includes PVC or a compatible polymer. The 
thickness of the film 37 is preferably less than or equal 
to about 200 microns, and more preferably in the range of 
about 10 to 100 microns. The thickness of the film 37 in 
proportion to the size of the tubing sections 1, 3 has been 
greatly exaggerated in the drawings so that the film can be 
seen when viewed edge-on as in Fig. 5. Unlike the tubing 
sections 1, 3, the film 37 contains a dye or pigment, or is 
otherwise formed so that it absorbs the energy of the laser 
23 for use in connecting the tubing sections, as will be 
described hereinafter. The film 37 allows the use of a 
highly efficient photodiode laser 23. These lasers require 
low power to operate and are easily miniaturized. 
Moreover, the beam of a photodiode laser 23 is readily 
guided by optical fiber or light pipe (should that be 
desired) . It is to be understood that more than one laser 
could be used to .fuse the tube sections together. The 
second laser (not shown) could be directed against the film 
on the side of the film opposite the side impinged by the 
laser 23. 

[0041] The film 37 extends in a web between a supply 
roll 38 and a take-up roll 39 through a position between 
the axially facing end surfaces 31 of the tubing sections 
1, 3, as shown in Fig. 5. The film 37 is preferably 
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maintained in an aseptic condition prior to use, so at 
least the supply roll 38 may be housed in a sterile 
cassette (not shown) . A piece of film 37 can be separated 
from the roll (e.g., by the laser 23) for incorporation 
into the tubing sections 1, 3 for connecting the sections 
as will be described hereinafter. The piece is taken from 
one longitudinal edge of the film 37 so that the web is not 
cut through its width. Thus, the take-up roll 3 9 can be 
used to index the film 37 for use in connecting the next 
two tubing sections together. In another version (not 
shown) , numerous pieces of film can be attached to a 
continuous carrier which extends between the rolls. The 
film piece is used to connect the tubing sections 1, 3, but 
the carrier remains intact for use in indexing the next 
film piece into position. Other arrangements for 
delivering the film 37 may be employed without departing 
from the scope of the present invention. 

[0042] Referring to Fig. 5, the laser 23 is energized 
to direct its beam against the film 37. The beam may have 
a shape in cross section which is similar to the cross 
section of the flattened tube sections 1, 3 where they 
engage the film 37. In one embodiment, the beam impinges 
upon the film 37 everywhere the film engages the axially 
facing end surfaces 31 of the tubing sections 1, 3. 
However, the beam may not impinge upon the film 37 in all 
locations where the film engages the end surfaces 31 of the 
tubing sections 1, 3 without departing from the scope of 
the present invention. The film 37 rapidly becomes heated 
and transfers heat by conduction to the axially facing 
surfaces 31 of the ends of the tubing sections 1, 3. The 
heat transferred is such that the film 37 and axially 
facing end surfaces 31 fuse together (i.e., diffuse into 
one another), forming a robust connection. The tensile 
strength of the connected tubing sections 1, 3 including 
the joint where they are connected together is about 95% of 
the tensile strength of the original tubing sections. It 
is necessary to heat only a very small area and volume to a 
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temperature which melts ends of the tubing sections 1, 3, 
keeping power demands on the laser 23 to a minimum. 

[0043] In a modified version of the process shown in 
Pig. 7A, the laser 23 is turned on for a few seconds, 
substantially as described above for Fig. 5 so that the 
axially facing surfaces of the tubing sections 1, 3 become 
hot and fluid. In the Fig. 7A process, the laser 23 is 
then turned off and the fixtures holding the tubing 
sections 1, 3 are moved so that the tubing sections advance 
toward each other a small distance (e.g., about 0.5 mm) . 
This movement presses the axially facing end surfaces 31 of 
the tubing sections 1, 3 against each other, and causes the 
molten material of the tubing sections to flow radially 
outwardly, producing a bulge of tubing section material 
around the joint. This flow also is believed to split the 
film apart, as shown in Fig. 7A. It has been found that it 
is easier to break the seals holding the tubing sections 1, 
3 in a collapsed condition for reopening the interior 
passages 5, 7 after the tubing sections are joined together 
when this additional step is carried out. It is to be 
understood that the step of moving the tubing sections 1, 
3 toward each other may be performed while the laser 23 is 
still on, or may be omitted without departing from the 
scope of the present invention. 

[0044] As shown in Fig. 6, the tubing sections 1, 3 
are now joined together, but remain in a collapsed 
condition. The joined tubing sections 1, 3 are shown 
separate from the connecting apparatus. An enlarged view 
of the joint in Fig. 7 illustrates how the materials of the 
film 3 7 and tubing sections 1, 3 have diffused into each 
other. It is believed that the film 37 will split open 
where it is not in contact with the axially facing surfaces 
31 of the tubing sections 1, 3 during the connection step 
when the laser beam is directed onto the film. Opening the 
collapsed regions of the connected tubing sections 1, 3 can 
be accomplished by squeezing the tubing sections in the 
collapsed region. More specifically, the force of 
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squeezing would be applied on opposite sides of the 
collapsed region in a plane generally perpendicular to the 
plane of the page of Fig. 6 and extending generally along 
the longitudinal axis of the joined tubing sections 1, 3. 
The seals of the ends of the tubing sections formed prior 
to joining the tubing sections 1, 3 together are readily 
broken, allowing the tubing sections to assume the 
configuration shown in Fig. 8. Again, the length and 
thickness of the bits of film 37 remaining have been 
greatly exaggerated so that they can be seen in the several 
views of the drawings. 

[0045] In some instances it is desirable to keep the 
joined tubing sections in a sealed and collapsed condition 
until ready for use. For example, one may wish not to mix 
flowable products contained in two bags connected by the 
tubing sections 1, 3 until it is time to use the products. 
In that event, the joined tubing sections 1, 3 would remain 
collapsed and sealed until time for use. Opening the 
tubing' section 1, 3 so that the interior passage 5, 7 form 
one continuous passage can be carried out as above. In 
addition, a clamp or sleeve could be provided at the joint 
to make certain the tubing sections 1, 3 remain sealed 
until needed. 

[0046] The tubing sections 1, 3 are now ready for 
use, carrying product (-e.g., blood, dialysate) from one 
tubing section to the other. Because the tubing sections 
1, 3 were closed during the joining process, the interior 
passages 5, 7 remain sterile and free of foreign materials 
(e.g., material from the exterior of the tubing sections) . 
Moreover, the heat of the laser 23 has a sterilizing effect 
in the region of the connection. Thus, areas (e.g., the 
film 37 and axially facing surfaces 31) which are exposed 
even for brief periods to the surrounding environment are 
protected further from contamination. Tests conducted by 
intentionally contaminating each of the opposite surfaces 
of the film 37 with 10 s spores of bacteria (Bacillus 
subtilis) have demonstrated that the tubing sections 1, 3 
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can remain sterile after being joined together with the 
contaminated film by control of the power of the laser 23. 

[0047] Figures 6 and 8 also illustrate a slightly- 
different version of the present invention in which a 
tubular sleeve 41 (shown in phantom) is slidably mounted on 
one of the tubing sections 1, 3. The sleeve 41 is 
positioned off to the side of the location where the 
connection between the tubing sections 1, 3 is being made 
(Fig. 6) ■. However once the connection is complete, the 
sleeve 41 may slide to a position in registration with the 
joint formed (Fig. 8) . The sleeve 41 conforms closely to 
the open shape of the tubing sections 1, 3 and acts to hold 
the interior passages 5, 7 of the tubing sections 1, 3 open 
in use at the point of connection. In some instances, the 
connected tubing sections 1, 3 may have a tendency to kink 
and close off the interior passages 5, 7 at the joint 
during use of the tubing sections. The sleeve 41 guards 
against this occurrence. Other structures for inhibiting 
kinking may be employed, such as a clam shell sleeve (not 
shown) which can be opened and completely removed from the 
tubing sections 1, 3 when not needed. 

[0048] The joined tubing sections 1, 3 can be 
separated, such as by a blade of the apparatus or other 
suitable device (not shown) after use. In many instances, 
one of the tubing sections (e.g., tubing section 3) is 
discarded. However, the other tubing section 1 is used to 
make a second arid possibly subsequent connections to other 
tubing sections (not shown) . , The discarded tubing section 
3 may be, for example, a tubing section connected to the 
bag B of dialysate in a peritoneal dialysis procedure (Fig. 
8) . The reused tubing section 1 may be connected to a 
catheter (not shown) implanted in a patient P. In that 
event, the tubing sections 1, 3 are separated by cutting 
through the tubing section 3 to be discarded to one side of 
the joint. The next joint is formed at a location spaced 
closely with the first joint and within the reused tubing 
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section 1. In this way the reused tubing section 1 is not 
used up as rapidly. 

[0049] The step of sealing each of the tubing 
sections 1, 3 closed at the ends by -fusion (see discussion 
in reference to Figs. 2 and 3) can be eliminated in one 
version of the present invention. If clamps 45, 47 and 49, 
51 collapsing tubing sections (generally indicated at 53 
and 55, respectively in Fig. 9) are placed close to the 
ends of the tubing sections, the clamps can hold the tubing 
sections in an essentially sealed condition (i.e., the gaps 
seen at the ends of the interior passage 5 shown in Fig. 4A 
are substantially eliminated) . For example, with tubing 
sections 53, 55 having wall thicknesses of about 0.6-0.7 
mm, the edges of the clamps 45, 47, 49, 51 would need to be 
located about 0.3 mm or less from the axially facing end 
surface of the tubing section (not shown in Fig. 9) . In 
contrast, for the method described with reference to Figs. 
1-8, the clamps 9, 11, 13, 15 are set back about 0.4 mm or 
slightly farther from the axially facing surfaces 31 of the 
tubing sections 1, 3. Increasing the angle of the beam 
from the laser 23 to about 70° allows the clamps 9, 11, 13, 
15 to be located closer to the axially facing end surfaces 
of the tubing section 1, 3 without requiring any of the 
clamps to be transparent to the laser beam. Other 
arrangements of the laser 23 and clamps 9, 11, 13, 15 are 
possible without departing from the scope of the present 
invention. 

[0050] If the tubing sections 53, 55 are clamped 
close to their ends, it will be necessary for one or both 
• of the clamps 45, 49 on the top to be transparent to the 
laser beam from the laser 23 so that the laser beam can 
access film 59 disposed between the tubing sections 53, 55 
in the connection step, as shown in Fig. 9. It will be 
understood that for the process of Fig. 9, the tubing 
sections 53, 55 will be clamped and the end portions cut 
off very close to the clamps 45, 47, 49, 51 (e.g., within 
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0.3 mm) . The sealing illustrated in Figs. 2 and 3 will not 
be carried out. 

[0051] It is believed that the film (37 or 59) will 
separate in the middle when the laser 23 acts on the film 
so that the film will not obstruct reopening of the 
interior passages formed by the connected tubing sections 
(1 and 3, 53 and 55) . However, film can be constructed to 
facilitate tearing in the "middle" of the film (i.e., the 
part of the film not in engagement with an axially facing 
surfaces 31 of the tubing sections 1, 3). One example is 
film 63 shown in Fig. 10. We will describe the use of the 
film 63 hereinafter in relation to the tubing sections 1, 
3. Here the film 63 has perforations 65 generally down its 
middle. The perforations 65 facilitate tearing when the 
tubing sections 1 and 3 are squeezed to reopen their 
interior passages 5, 7. Another version of film 67 shown 
in Fig. 11 co-extrudes an electromagnetic radiation 
absorbing material 69 together with a different material 71 
which does not absorb the laser beam energy. This 
construction weakens the central part of the film 67 so 
that it can be more easily torn. By holding the film 67 
taut when the laser is energized, the film is substantially 
instantaneously cut around the outer diameter of the tubing 
sections 1, 3, separating a piece of the film from the 
remainder of the roll. 

[0052] Instead of positioning a web of pigmented film 
between tubing sections (e.g., as shown in Fig. 5), 
individual pieces could be applied to one or both of the 
tubing sections (not shown) . More specifically, after a 
tubing section is collapsed and welded in the collapsed 
position, a piece of film is attached as by welding to the 
axially facing end surface of the collapsed end of the 
tubing section. The tubing section can be brought into 
engagement with another tubing section (substantially the 
same as shown in Fig. 5), and the sections welded together 
with a laser. A variation of this process (not shown) 
involves attaching another piece of film on the axially 
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facing surface of the other tubing section before the 
tubing sections are brought into engagement. Still a 
further variant (not shown) is to attach a piece of film 
over the open end of one tubing section. The film is 
brought into engagement with the closed end of another 
tubing section. The laser is used to fuse the two tubing 
sections together, and to rupture the film of the one 
tubing section and closed end of the other tubing section 
for opening the interior passaged between the two sections. 

[0053] It also is possible to replace the film (37, 
59, 63 or 67) by applying a dye or some other coloring 
substance directly to the axially facing surfaces (not 
shown, but like axially facing surface 31 of Figs. 4A and 
4B) of the opposed ends of tubing sections indicated 
generally at 75 and 77 (Fig. 12) . It is to be understood 
that the dye may be applied to only one of the two tubing 
sections. For instance, the dye could be applied by an ink 
jet, an ink pad or a marker (not shown) . The dye could 
also be applied from a film onto the axially facing end 
surface of the. tubing section (75 or 77) . In that case, a 
hot die can be activated to press the film against the 
axially facing surface so that dye carried by the film is 
transferred onto the axiaily facing surface of the tubing 
section (75 or 77) . Abutting tubing sections 75, 77 having 
ends colored with a dye 79 are shown in Fig. 12. The 
connecting apparatus would have components (not shown) for 
applying the dye 79 to the axially facing surfaces of the 
tubing section ends. The laser (not shown) could then be 
directed onto the ends of the tubing sections 75, 77. The 
dye 79 causes the material of the tubing sections 75, 77 in 
the regions colored to absorb the laser energy and heat up 
enough to fuse the tubing sections together. The axially 
facing surfaces of the ends of the tubing sections 75, 77 
can be brought into engagement first before the laser is 
activated to fuse the tubing sections together, limiting 
the exposure of the axially facing surfaces of the tubing 
sections to the surrounding environment. Interior 
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passages 81, 83 of the joined tubing sections 75, 77 could 
be reopened by squeezing as described previously. 

[0054] When introducing elements of the present 
invention or the preferred embodiment (s) thereof, the 
articles "a" , "an" , "the" and "said" are intended to mean 
that there are one or more of the elements. The terms 
"comprising" , "including" and "having" are intended to be 
inclusive and mean that there may be additional elements 
other than the listed elements. 

[0055] As various changes could be made in the above 
without departing from the scope of the invention, it is 
intended that all matter contained in the above description 
and shown in the accompanying drawings shall be interpreted 
as illustrative and not in a limiting sense. 

[0056] Moreover, the use of "above" and "below" and 
variations of these terms is made for convenience, but does 
not require any particular orientation of the components. 
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CLAIMS: 

1. A method of connecting together two sections 
of tubing comprising the steps of: 

placing the two tubing sections in opposed, end- 
to-end relation so that axially facing surfaces of the tube 
sections at the ends are free from exposure to the 
surrounding environment; and then 

directing an electromagnetic beam generally 
toward the location where the axially facing surfaces are 
in opposed, end-to-end relation for welding the two 
sections of tubing together at the location. 

2 . A method as set forth in claim 1 wherein 
during the step of placing the two tubing sections in 
opposed, end-to-end relation, the temperature of each of 
the tubing sections at the axial surfaces thereof is below 
the melting temperature of material forming the tubing 
section. 

3 . A method as set forth in claim 1 further 
comprising providing material for absorbing energy from the 
electromagnetic beam at the ends of the tubing sections 
where connection is to occur for use in fusing the tubing 
sections together. 

4. A method as set forth in claim 3 wherein said 
step of providing material for absorbing energy comprises 
positioning a sheet of material between the axial surfaces 
at the ends of the tubing sections, the sheet being formed 
of a material which absorbs the energy of the 
electromagnetic beam. 

5. A method as set forth in claim 4 wherein the 
tubing sections are formed of a material which is 
substantially transparent to the electromagnetic beam. 
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6. A method as set forth in claim 3 further 
comprising, following the step of directing an 
electromagnetic beam, the step of moving the tubing 
sections toward each other causing some material of the 
tubing sections to flow radially outwardly. 

7. A method as set forth in claim 3 wherein the 
step of providing an absorbing material comprises applying 
a dye to the axially facing surface of at least one of the 
tubing sections, the dye being selected to increase 
absorption of energy from the electromagnetic beam to 
promote fusion of the tubing sections at the axially facing 
surfaces . 

8. A method as set forth in claim 7 wherein the 
step of placing the two tubing sections in opposed, end-to- 
end relation includes bringing the axially facing surfaces 
of the tubing sections into engagement with each other. 

9. A method as set forth in claim 3 further 
comprising, prior to the step of placing the two tubing 
sections in opposed, end-to-end relation, the step of 
positioning the two tubing sections in substantially 
coaxial position and cutting off end portions of the tubing 
sections . 

10. A method as set forth in claim 9 further 
comprising clamping cut end margins of the two tubing 
sections closed. 

11. A method as set forth in claim 10 further 
comprising welding each of the closed cut end margins to 
seal interior passages of the tubing section. 



12 . A method as set forth in claim 11 wherein 
the step of welding each of the closed cut end margins 
comprises directing a beam of electromagnetic radiation 
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onto a weld block in contact with the closed cut end 
margin, the weld block absorbing energy from the 
electromagnetic beam and transferring heat to the tubing 
section with which it is in contact. 

13 . A method as set forth in claim 11 further 
comprising, following the step of directing an 
electromagnetic beam, the step of reopening the closed end 
margins of the joined tubing sections by squeezing the 
tubing sections. 

14 . A method as set forth in claim 13 further 
comprising, following the step of directing an 
electromagnetic beam and prior to the step of reopening the 
closed end margins, the step of shipping the connected 
tubing sections to a remote location. 

15. A method as set forth in claim 11 wherein all 
of the steps are carried out with the tubing sections in 
said substantially coaxial position. 

16. A method as set forth in claim 1 further 
comprising, following the step of directing an 
electromagnetic beam, the step of moving the tubing 
sections toward each other causing some material of the 
tubing sections to flow radially outwardly. 

17. A method as set forth in claim 1 wherein the 
step of directing an electromagnetic beam comprises 
directing a laser beam toward the location where the 
axially facing surfaces are in opposed, end-to-end 
relation. 

18. A method of heating a section of tubing 
comprising: 

placing a portion of the tubing section to be 
heated in contact with an energy absorption member; 
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directing a beam of electromagnetic energy onto 
the energy absorption member, the energy absorption member 
being constructed for absorbing energy from the beam; 

transferring heat from the energy absorption 
member to the tubing section portion by contact therewith 
to melt the tubing section portion. 

19 . A method as set forth in claim 18 wherein 
the energy absorption member has low thermal conductivity. 

20. A method as set forth in claim 19 wherein 
the energy absorption member comprises a weld block. 

21. A method as set forth in claim 20 wherein 
the weld block is made of one of polytetraf luoroethylene 
and glass . 

22. A method as set forth in claim 18 wherein 
the energy absorption member comprises a film. 
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FIG. 4A 
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